Abstract: Many fish species have evolved feeding mechanisms and behaviours enabling them to feed on specific prey. However, such mechanisms may not be optimal for feeding on commercial-pelleted diets in aquaculture. Gilthead sea bream chew and occasionally eject pellets or parts of pellets from the mouth when feeding on commercial diets. This may result in an increase in nutritional waste from the intensive culture of this species. In this study we examined the prevalence of this food processing behaviour in two sizes of sea bream, feeding on three types of natural prey items in comparison to a commercial pellet, to give an insight into the circumstances in which excess chewing and ejection of food items from the mouth occurred. These included two hard-textured food items (commercial pellet and hard-shelled prey) and two soft-textured food items (larvae and small crustacean). Both sizes of sea bream frequently consumed the soft-textured food types, however large sea bream also frequently consumed hard-textured pellets. Hard-textured food required longer handling times and elicited more chewing and the ejection of food items from the mouth. These results suggest that future investigations on the food processing behaviour and consequent waste when fed commercial diets differing in texture could give an insight into improving diets and feeding efficiency for intensively cultivated gilthead sea bream.
INTRODUCTION
Recent and continuing expansion of gilthead sea bream (Sparus aurata L.) cage farming has led to concerns over the ecological impact it has on the environment and to a sharp decline in price due to the volume of fish being produced outstripping demand (Barnabé, 1989) . To combat this downward pressure on prices, farms have to seek ways to reduce the cost of producing fish. One option is to minimise food wastage and improve feeding efficiencies. Considerable research has been geared towards determining quantitative and qualitative biochemical constituents of artificial diets to improve feeding efficiency (Thorpe and Cho, 1995) . Yet limited information is available with respect to palatability.
Various feeding mechanisms and behaviours have evolved in many teleostean fishes, allowing them to either increase the variety of prey they successfully consume or specialise in feeding on certain prey types (Sanford, 2001; Grubich, 2000; Wainwright and Friel, 2000; Frost and Sanford, 1999; Nemeth, 1997; Vandewalle et al., 1995) . However, such mechanisms may affect feeding efficiency when fish are fed on commercial diets in aquaculture. It has been observed that gilthead sea bream masticate and occasionally eject pellets or parts of pellets from the mouth during feeding. This food processing behaviour has been described for another sparid species, Diplodus sargus L. by Vanderwalle et al., (1995) when feeding on natural prey items, but has only been referred to in gilthead sea bream as 'playing with' or 'tasting' with regard to pellets in commercial feeding manuals (Artigas, 1999) . This food processing comprises of the mouth opening and seizing the food item, which is then subjected to 'chewing' movements. The word 'chewing' refers to movements involving mouth opening and closing or a series of such movements. When the mouth opens, protrusion may occur to a variable degree that may result in food items being ejected from the mouth and on some occasions re-ingested. This complicated oral mastication of prey differs from that observed by other animal species. However, for ease of communication, this will henceforth be referred to as 'chewing'. The food processing behaviour in sea bream may be a consequence of the mouth morphology being suited for browsing. Wild sea bream have been observed to feed by grazing for prey on rocky surfaces (Andrade et al., 1996) consuming a variety of prey with crustaceans, molluscs, polychaetes, teleosts and echinoderms as the major dietary groups (Wassef and Eisawy, 1985) . However, the prey consumed varies with fish size. Wassef and Eisawy (1985) found that soft-bodied animals such as polychaetes and small crustaceans dominated the stomach contents of small sea bream (5-9cm in length). The stomach contents of larger sea bream (10->25cm in length) consisted of larger, hard-shelled prey such as barnacles, bivalves and other teleosts. In aquaculture conditions, ejecting pellets from the mouth may result in an increase in waste pellets if not consumed by other fish in the cage. Excessive chewing however may also increase waste if pellets are broken up and particles released from the mouth and gill slits. This is an important consideration, not only when feeding sea bream on a commercial scale but also in feeding trials. If pellets or parts of pellets are being lost during feeding then this may not only increase the quantity of waste passing into the surrounding environment but may also have a significant impact on food conversion ratios.
The aim of this study was to examine this food processing behaviour when feeding on commercial pellets in comparison to prey items similar to that found in the stomach contents of wild sea bream in order to give an insight into the circumstances in which excess chewing and ejection of food items from the mouth occurs. Pellets differ in many respects from the natural prey of wild fish and it has been proposed that natural prey could possess attractive and palatable qualities lacking in commercial diets. These could be used in the development of diets to suit particular species of farmed animals (Stradmeyer and Thorpe, 1987) . Based on this proposal, some studies have examined the feeding behaviour of fish and other animal species when fed natural prey in comparison to commercial feed. Stradmeyer and Thorpe (1987) presented both dry pellets and a range of wild prey organisms to hatchery reared Atlantic salmon (Salmo salar L.) parr. They stated that 'naive hatchery reared salmon readily consumed unfamiliar wild prey, quickly developing a preference for it over pelleted food, responding much more rapidly to wild prey than to a pelleted diet'. A similar study was conducted by Morpurgo et al. (1991) on commercially raised Nile crocodiles, Crocodylus niloticus (Laurenti) where live fish were found to be preferred over commercial feed. If chewing and ejection of food from the mouth by sea bream is required in order for successful consumption of certain types of food items, then by using data gained from this study a pellet may be designed in order to reduce this food processing behaviour and possible consequential waste. Since sea bream of different sizes appear to feed on different prey items in the wild this behaviour may vary with fish size, so the feeding behaviour of two sizes classes of sea bream were examined in this study.
METHODS
Two hundred hatchery reared gilthead sea bream of mean weight 12g (small), and 30 of mean weight 215g (large) were held in tanks (1 m x 1 m x 0.5 m) at the CREMA laboratories in L'Houmeau, France (1.10° W:46.10° N) over the experimental period from mid May until mid June 2001. For 10 days prior to and throughout the trial period they were fed a mixture of pellets and natural prey (killed just prior to feeding) at a ration of 2 % BWd -1 by hand, to below satiation. Water temperature was ambient and varied from 13.4-23.5°C, salinity remained constant at 25 ‰ and the fish were exposed to natural photoperiod. Glass tanks (0.6 m x 0.3 m x 0.35 m) were used as observation chambers. For the small sea bream the tanks were split into two chambers using a glass divider (0.6 m x 0.15 m x 0.35 m). A plastic tube (3 cm diameter) protruding 10 cm below the surface served as a feeding tube, through which the food items were dropped by hand. This ensured that all food items were presented in the same area. An air stone was placed in one corner of every observation chamber but the air supply was switched off before each trial to prevent water circulation having an influence on the movement of food items in the water column. Sea bream held in isolation were not found to feed, possibly due to stress, therefore 48 hours before each trial, pairs of sea bream were weighed and measured, then moved to an observation chamber. Each pair was in view of another pair at all times either through the glass dividers or from another observation tank. No feed was administered during this acclimation period. A black plastic sheet surrounded the observation chambers to conceal the observer. Pairs of small sea bream were observed for one trial and then returned to a holding tank, whereas the large sea bream were observed for two trials in succession due to a smaller number of fish to increase sample size.
The small sea bream were fed prey items similar in size to 2 mm pellets and the large sea bream were fed prey items similar in size to 4 mm pellets. The food items differed in several characteristics but were chosen so as to present both group sizes with softbodied and hard-textured food types (for details of food items see Table 1 ). All live prey items were killed just prior to presentation. In each trial each pair of sea bream were presented with the 4 different food items allocated to their group one at a time. Each trial differed in the order these were presented. Forty-eight trials were run in total for the small sea bream and 30 trials for the large sea bream. Each food item was presented either immediately after the previous had been consumed or if not consumed, 5 minutes after the previous food item had been presented. Only one fish in each pair fed during each trial and this fish was identified and any interactions during the trials between the pair noted. There were no observed incidences of aggressive or competitive interactions in any of the trials. This may have been due to dominance interactions occurring and being settled in the 48 hours of acclimation prior to the trials, resulting in only the dominant fish feeding. The behaviours recorded were whether the food item was approached and the time taken to reach it. It was then noted whether the food item was ingested, rejected or disregarded. Rejection was defined as a food item being taken into the mouth and being ejected a single time. The food item was noted as disregarded if it was not approached or if it was approached, not taken into the mouth. If ingested, the number of chews and the number of times the food item was ejected and then re-ingested in order to consume the food items were recorded. 'Chewing' was defined as a jaw movement once the food item was seized and 'ejection' as a protrusion of the food item from the mouth and then re-ingestion. Total handling time was calculated as the time from ingestion until no mouth movements were observed with successfully consumed food items.
Chi 2 and Kruskal-Wallis tests were used to examine whether there were any differences found between tanks for any of the behaviours studied or between the order in which food items were presented to the sea bream. No significant differences were found therefore order of presentation was disregarded and data from different tanks combined.
Chi
2 tests were used to analyse for differences between the proportion of food items ingested, rejected or disregarded within each size group. When comparing the time to reach the food items and total handling times, one-way ANOVA's were used for small sea bream and Kruskal-Wallis tests for large sea bream as these data were not normally distributed. To compare the number of chews and ejection's elicited in order to consume the different food items Kruskal-Wallis tests were used for both size groups. Significance in all tests was accepted at P<0.05.
When looking for correlations between temperature, fish size, handling times, and food manipulation, a Pearson's product-moment correlation was applied. Significance was accepted using the sequential Bonferroni technique (Rice, 1989) at the 'table-wide' 0.05 level. All calculations were carried out using the Minitab 11.0 statistical package (Minitab Inc, PA).
RESULTS

Frequency of Ingestion and Rejection
Differences in the probability of ingestion and rejection were found between food types. For the small sea bream a significantly greater proportion of chironomid larvae and crustaceans were successfully ingested and a significantly lower proportion rejected in comparison to pellets and sea snails (P<0.001, Figure 1a ). For the large sea bream the soft-bodied beetle larvae and crustaceans were frequently consumed, but pellets were also consumed frequently. Only mussels were regularly rejected with only c.50% being successfully consumed (P<0.001, Figure 1b) . 
Total Handling Times
Overall handling times varied significantly between food types (Figure 2 ). The small sea bream took significantly longer to consume pellets and sea snails than the larvae or crustaceans (P<0.001). Overall handling times also varied with prey type for the large sea bream, with hard-textured mussels and pellets taking longer to consume than the larvae and crustaceans (P<0.001). 
Prey Manipulation
Manipulation of ingested food items also varied between food types. The number of chews observed was higher when the small bream ingested sea snails in comparison to that observed for pellets, and both were chewed significantly more than the larvae and crustaceans (P<0.001, Figure 3a ). There were no differences between the number of chews needed to consume a larvae or crustacean. The large bream followed a similar pattern. The hard-textured pellets and mussels required more chewing for successful ingestion than did the crustaceans or larvae (P<0.001). In both size groups the number of observed food ejection's followed a similar pattern to chewing (small sea bream: P<0.001; large sea bream: P<0.001) with hard-textured prey items eliciting more ejection's from the mouth (Figure 3b) . For all food types in both size groups there was a positive correlation between chewing and handling time (Table 2) . It was also observed that handling time (r=0.779, N=32, P<0.001) and chewing (r=0.732, N=41, P<0.001) positively correlated with the number of ejection's of hard-shelled sea snails from the mouths of the small sea bream.
Temperature Effects
Since the water temperature could not be controlled and fluctuated naturally, it was measured before each trial but did not appear to have an effect on the feeding behaviours recorded. Correlations between temperature and the total handling time, chewing and ejection of food items for both sizes of sea bream all lacked significance. 
DISCUSSION
Small sea bream consumed soft-textured food items such as larvae and small crustaceans more frequently than hard-textured sea snails and pellets. Although large sea bream ate the soft-textured food items frequently, hard-textured pellets were also frequently consumed. Therefore, food acceptance appears to be more flexible for the large sea bream. This supports the data found from the stomach contents of wild caught sea bream by Wassef and Eisawy (1985) , where soft-bodied animals dominated the stomach contents of the small sea bream compared to the variety of both hard-shelled and soft-bodied prey found in the stomachs of larger sea bream. Nutritional content of the food items can also influence food consumption, which was not measured in this study. However, commercial pellets are designed to have a higher nutritional content than natural prey items and pellets were not frequently consumed by the small sea bream in this study. Therefore, nutritional content of the food is not the only factor involved in food selection and acceptance.
Much feeding behaviour appears to be developmentally fixed in a number of species such as the technique used to feed on live mussels by juvenile rock lobsters, Jasus edwardsii (James and Tong, 1998) and the aquatic strike feeding behaviour of the Salamander, Salamandra salamandra (Reilly, 1995) . Some species however have the ability to modulate feeding mechanisms and behaviour but this varies greatly among taxa (Herrel et al., 2001; Marshall et al., 2000; Lentle et al., 1999; Pérez-Barbería and Gordon, 1998; Ginnet and Demment, 1997; Howse et al., 1995) . Muscle activation patterns underlying feeding in teleost fishes appear to be highly variable and can be altered in response to prey type by individual fish (Wainwright and Friel, 2000) . For example, the knife fish, Chitala chitala Hamilton (Frost and Sanford, 1999) can modulate open-mouth chewing when feeding on fish and worms as can the Brook trout, Salvelinus fontinalis Mitchill (Sanford, 2001) . The white bream, Diplodus sargus, can modulate its crushing movements to be either fast, ample or slow and the frequency of ejection of prey from the mouth can vary depending on prey type (Vandewalle et al., 1995) . This was also found to be the case for gilthead sea bream. Hard-textured prey required an increase in chewing and ejection from the mouth by both fish sizes in order for successful consumption. Therefore food items that elicit reduced chewing and ejection from the mouth were accepted more readily as food items. Nagelkerke and Sibbing, (1996) state that the empirical feeding efficiency is largely determined by the time to handle food items rather than by the energy required for specific feeding actions. In this study the time to handle the hard-textured food items was longer than that recorded for the soft-textured food, with handling time being positively correlated to chewing with all food types and also to the ejection frequency of hard-textured sea snails from the mouth of the small sea bream. Therefore the sea bream fed more efficiently on softer textured prey. Chewing was also positively correlated to the ejection frequency of hard-shelled sea snails when fed to the small sea bream. This suggests that for food items that required prolonged chewing, the ejection of food items and subsequent re-ingestion may be used to reposition the food item in the mouth to allow thorough mastication. Large sea bream, although not compared statistically, did appear to manipulate their food items less for successful consumption in comparison to smaller sea bream. They also had shorter handling times, which further supports the hypothesis that large sea bream are more efficient at feeding on hard-textured prey compared to smaller sea bream. This may be due to jaw and mouth development. Sea bream juvenile dentition is composed principally of many small canine-like teeth. As the fish age a more complex heterodont system of canine-like teeth and molar-like plated teeth results (Cataldi et al., 1987) . It may only be large sea bream that are able to successfully crush hard-textured prey by using these rows of molar-like teeth. However, shorter handling times in the large sea bream may also have been due to the relation of the pellet size to gape size and oesophagus diameter. If, for example, the 4mm pellet fed to the large bream was proportionally smaller than the 2mm pellet fed to the small bream, then the large bream would consume the pellet in a shorter space of time. However, both sizes of bream vigorously chewed the pellets during feeding, so were most probably not consuming the pellet whole.
These results give us some insight into the food processing behaviour of the gilthead sea bream and should be taken into consideration when developing commercial diets for this species. Food items, such as small crustaceans and larvae appear to be more readily accepted, as they require low levels of manipulation and reduced handling times. Therefore juvenile sea bream may benefit when fed diets of a softer texture. These diets may elicit less handling and therefore may increase feeding efficiency. However, if juvenile sea bream are more efficient at chewing softer pellets, more particles may be released from the mouth and gill slits leading to an increase in the waste production and food conversion ratio. More detailed studies therefore have to be conducted with gilthead sea bream on the effect of varying pellet texture on the feeding efficiency and subsequent waste production from this food processing behaviour.
